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SPECIFICATION 



Honeycomb structural body 



RELATED IMPLICATION 

This application Is an application claiming a 
priority right based on Japanese Patent Application of 
2002-293691 filed on October 7, 2002. 

TECHNICAL FIELD 

The present invention relates to a honeycomb 
structural body used as a filter, a catalyst carrier or the 
like for removing particulates and the like in an exhaust 
gas discharged from an internal-combustion engine such as a 
dlesel engine or the like. 

BACKGROUND ART 

Recently, It has become a problem that particulates 
contained in the exhaust gas discharged from the internal- 
combustion engine in vehicles such as buses, trucks and the 
like, or construction machines have caused much harm to 
environment and the human body. 

There are proposed various filters wherein the 
exhaust gas is passed through a porous ceramic to catch 
particulates in the exhaust gas and purify the exhaust gas . 

As such a ceramic filter, there has been known a 
honeycomb filter constituted that a plurality of through- 
holes are arranged side by side in one direction and 
partition walls separating the through-holes from each 
other act as a filter. 

That is, one end portions of the through-holes formed 
in the honeycomb filter located at an inlet side or an 
outlet side of the exhaust gas are plugged with a plugging 
material so as to form a so-called checkered pattern, 
wherein the exhaust gas flowed into one through -holes is 
inevitably passed through the partition walls separating 
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these -through-holes and thereafter flowed out from the 
other through -hole s , and as a result, the particulates are 
caught by the portions of the partition walls ±n the 
passing through the partition walls to purify the exhaust 
gas . 

With such a purification of the exhaust gas, the 
particulates are gradually accumulated at the portions of 
the partition walls separating the through-holes of the 
honeycomb filter to cause the clogging to thereby obstruct 
ventilation. In the above honeycomb filter, therefore, it 
is required to conduct regeneration treatment by regularly 
burning and removing the particulates as a cause of 
clogging with the use of a heating means such as a heater 
or the like . 

In the past, as the honeycomb filter have been known 
ones consisting of silicon carbide or cordlerlte, but as 
the honeycomb filter is heated to a high temperature with 
the high- temperature exhaust gas in the catching of the 
particulates or by the heating means such as heater or the 
like in the regeneration treatment, a filter made of 
silicon carbide having more excellent heat resistance is 
considered to be useful. 

As the honeycomb filter made of silicon carbide, JP- 
A-6-182228 discloses, for example, a honeycomb filter 
produced by using silicon carbide powder as a raw material , 
shaping it into a predetermined form, drying and thereafter 
firing (recrystallization method) . 

And also, JT-A-2001-199777 discloses, for example, a 
honeycomb structural body obtained by bonding ceramic 
particles of silicon carbide or the like with a vitreous 
oxide selected from the group consisting of Si02, AI2O3, 
B2O3 and Na20. 

Further, JP-A-2002-60279 and JP-A-2002-154876 
disclose, for example, a honeycomb structural body made by 
adding metallic silicon and an organic binder to silicon 
carbide powder, mixing and kneading them, shaping into a 
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honeycomb form, and tJiereaft:er firing "bo bond tJie above 
silicon carbide powder through me'balllc silicon. 

The honeycomb filter or honeycomb structural body 
disclosed In the above literatures Is set within a 
cylindrical casing at a state of winding a holding sealing 
material for performing a role of shock absorption, thermal 
Insulation or the like around the outer periphery while 
applying a significant compression load, and this casing Is 
arranged In an exhaust passage of an Internal-combustion 
engine to constitute an exhaust gas purification apparatus . 
By functioning this exhaust gas purification apparatus Is 
conducted the aforementioned purification of the exhaust 
gas . 

Recently, It has been developed to carry a catalyst 
for removing CO, HC and NOx In the exhaust gas through 
oxidation and reduction or a catalyst for promoting 
combustion of caught particulates on the wall portion of 
the honeycomb filter or the honeycomb structural body 
disclosed In the above literatures. 

Generally, the above catalyst Is carried on the wall 
portion of the honeycomb filter or honeycomb structural 
body through a catalyst support layer having a large 
specific surface area such as Y'^I™^^!^^ like, but In 

order to enhance the efficiency of catalytic reaction 
between the exhaust gas and the catalyst. It Is desirable 
to carry the catalyst as large as possible. For this end. 
It Is necessary to add a large amount of a catalyst support 
layer to the wall portions of the honeycomb filter or 
honeycomb structural body as far as possible, whereby It Is 
Intended to highly Increase the porosity of the honeycomb 
filter or honeycomb structural body. 

However, the honeycomb filter disclosed In JP-A-6- 
182228 has a problem of becoming brittle and lowering 
conipresslon strength If the porosity Is raised. 

Therefore, the cddove honeycomb filter has a tendency 
that It becomes easily breakable by compression load added 
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in case of set:'bxng wlUiln a casing through the above- 
described holding sealing material, and the setting within 
the casing becomes difficult. 

Furthermore, the above honeycomb filter Is used by 
successively repeating the treatments such as catching and 
regeneration, so that It Is subjected to thermal stress, 
and there Is a problem that If such a thermal stress Is 
applied, the ceramic particles themselves are broken 
between the ceramic particles to cause vlsualable size 
cracks . 

And also, the honeycomb structural body disclosed In 
JP-A-2002*60279 has a structure of bonding silicon carbide 
particles with the use of metal silicon, so that internal 
stress can be somewhat mitigated at the bonding point of 
silicon carbide (metal silicon) . Therefore, in case of 
making the porosity of the honeycomb structural body high, 
the compression strength is somewhat Improved as compared 
with the honeycomb filter disclosed in JP-A-6-'182228 , but 
no Improvement by a large margin can be recognized, and 
there is a problem of breaking by compression load added 
when setting within the casing. 

Since the above honeycomb filter is also used by 
successively repeating the treatments such as catching and 
regeneration, so that it is subjected to thermal stress, 
and there is a problem that if such a thermal stress is 
applied, fine cracks hardly confirmed visually but 
conf irmable by the observation through SEM are caused in 
silicon at the bonding portion between the ceramic 
particles, and as such fine cracks grow, the ceramic 
particles are broken between the ceramic particles to cause 
vlsualable size cracks or removal of the particles. 

Further, the honeycomb structural body disclosed in 
i7P-A-2001-199777 has a structure of bonding ceramic 
particles such as silicon carbide or the like through a 
vitreous substance and can mitigate Internal stress at the 
bonding point of the ceraxoic particles (vitreous oxide) as 
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coxnpared wl-bh ^he honeycomb s-brucbural bodies disclosed In 
JP-A-2002-60278 and JP-A-2002-154876, so as to further 
Improve conKpression strength. However, since the above 
vitreous oxide changes to be crystalline at a low 
tenKperature as compared with metal silicon, there Is a 
problem that when the honeycomb stmictural body Is heated 
to a high temperature In the regeneration treatment or the 
like, the vitreous oxide Is crystallized to lower the 
strength o£ the honeycomb structural body Itself, and the 
structural body Is broken by a pressure of the exhaust gas 
flowed therein . 

The present Invention Is made for solving the above 
problems Inherent to the conventional techniques , and Its 
object Is to provide a honeycomb structural body having an 
excellent compression strength even In the Increase of the 
porosity and being less In the lowering of mechanical 
strength even In the heating to the high temperature. 

DISCLOSURE OF THE INVENTION 

The Inventors have made various studies for solving 
the above problems Inherent to the conventional techniques 
and found that a composite material made of ceramic 
particles and amorphous silicon, particularly a porous 
ceramic formed by bonding ceramic particles through 
amorphous silicon Is effective as a material constructing a 
honeycomb structural body, and the Invention gulslng the 
following contents has been accomplished. 

That Is , the present Invention Is a honeycomb 
structural body comprising a ceramic block made by 
arranging a plurality of through-holes side by side In the 
longitudinal direction through partition walls and plugging 
either one end portions of these through-holes, 
characterized In that the ceramic block Is formed with a 
coxnposlte material consisting of ceramic particles and 
amorphous silicon . 

The honeycomb structural body according to the 
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present: Invention comprises the ceramic block by arranging 
a plurality of the through-holes side by side In the 
longitudinal direction through the partition walls and 
formed with the coxiKposlte material consisting of ceramic 
particles and amorphous silicon. The ceramic block may be 
composed by bundling a plurality of columnar ceramic 
members each formed by arranging a plurality of through- 
holes side by side In the longitudinal direction through 
partition walls with a sealing material layer (the 
honeycomb structural body is also referred to as an 
assembly- type honeycomb structural body hereinafter) , or 
may be composed of a ceramic member formed as one ceramic 
block as a whole (the filter is also referred to as an 
Integral -type honeycomb structural body hereinafter) . 

When the honeycomb structural body according to the 
present Invention Is the assembly- type honeycomb structural 
body, the wall portion consists of the partition walls 
separating the through -holes of the ceramic member, the 
outer walls of the ceramic members and the sealing material 
layers functioning as an adhesive layer between the ceramic 
members, while when It Is the Integral-type honeycomb 
structural body, the wall portion Is composed of only one 
kind of partition walls. 

In the present Invention, the ceramic block 
constituting the honeycomb structural body is preferable so 
that a plurality of the through-holes are plugged with a 
plugging material at one end portion and the through -holes 
not plugged with the plugging material are plugged with 
plugging material at the other end portion . 

Because, the surface area of the partition wall can 
be Increased, and the particulates can be thinly caught by 
passing through the partition walls having the thus 
enlarged surface area. Therefore, it Is possible to reduce 
the passing resistance of the exhaust gas to lower the 
pressure loss . 

And also, the composite material forming the ceramic 
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block in the present invention is preferable to be a porous 
ceramic formed by bonding ceramic particles through the 
amorphous silicon . 

Because, the amorphous silicon has a crystalline 
structure having a high degree of freedom such that it is 
easily fused under an atmosphere of a high tenqperature as 
in the regeneration of the filter and is easily back to the 
original amorphous silicon as in the completion of the 
regeneration. Therefore, it is considered that when the 
thermal stress is applied, even if fine cracks are created 
between ceramic particles , the growth of the cracks can be 
prevented by again bonding the particles between silicon . 

Furthermore, it is considered at an initial stage 
that the ceramic particles are bonded and supported through 
an elastic amorphous silicon to make the initial 
coinpression strength high. 

In the present invention, the ceramic particles 
constituting the composite material is preferable to be 
silicon carbide . 

Because it is a material having a high thermal 
conductivity . 

Moreover, in the present invention, the amorphous 
silicon for bonding the ceramic particles constituting the 
composite material to each other is low in the 
crystallinity . Concretely, a half -width of Si peak (29 = 
about 28'') in an X-ray diffraction of the honeycomb 
structural body is preferable to be not less than 1.0'' 

According to the inventors' study, it has been found 
that the compression strength when the honeycomb structural 
body constituted with the composite material made by 
bonding the ceramic particles through silicon has a high 
porosity is largely related to the crystallinity of the 
above silicon, and the compression strength of the 
honeycomb structural body having a high porosity largely 
changes in accordance with the crystallinity of silicon. 

That is, it is considered that when crystallinity of 
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silicon bonding t:he ceramic par-bicles is lowered so 'that: 
the half-width of Si peak (26 = about 28'') in the X-ray 
diffraction of the honeycomb structural body is not less 
than 1.0°, even if the porosity of the honeycomb structural 
body of the present invention is made high, the compression 
strength becomes excellent. 

This is considered due to the fact that the 
amorphous silicon having the crystallinity lowered as 
mentioned above. has usually an excellent elasticity as 
compared with czrystalline silicon having a higher 
crystallinity (half-width of Si peak in X-ray diffraction 
(20 = about 28'') is less than 1.0'^), and in the honeycomb 
structural body of the present invention using such an 
amorphous silicon the bonding point between the ceramic 
particles (amorphous silicon) has an excellent elasticity. 

As a result, for example, when the honeycomb 
structural body having a high porosity according to the 
present invention is arranged in the above-described 
cylindrical casing, even if a large compression load is 
applied to the honeycomb structural body to cause a large 
internal stress, the above amorphous silicon suitably 
mitigates the internal stress, and the honeycomb structural 
body of the present invention becomes excellent in 
coxEipression strength without easy breakage. 

Such an amorphous silicon can be prepared by 
selecting silicon having low crystallinity as a raw 
material and firing under a low temperature firing 
condition . 

Moreover, a half -width value of Si peak (29 = about 
28°) in an X-ray diffraction of the honeycomb structural 
bodies disclosed in JP-A-2002-60279 and JP-A-2002-154876 is 
less than 1.0^ and the crystallinity is rather high, so 
that it is considered that the compression strength of the 
conventional honeycomb structural body does not become 
sufficiently high due to the high crystallinity of the 
metallic silicon. 
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When the half -width value of SI peak (29 = about 
28^) In the X-ray diffraction of the honeycomb structural 
body is less than 1.0^, the crystallinity of the amorphous 
silicon is high, and the compression strength of the 
honeycomb structural body using the amorphous silicon does 
not become sufficiently high. 

The upper limit of the half-width value of Si peak 
(20 = about 28"*) in the X-ray diffraction of the above 
honeycomb structural body is desirable to be 4.0^. 

When the half -width value exceeds 4.0"", the 
crystallinity of the above amorphous silicon becomes low to 
easily cause the melting. As a result, it is considered 
that silicon at the connecting portion becomes less due to 
the flowing-out and the re-connecting becomes difficult or 
a space between ceramic particles or a pore is filled with 
molten silicon, and it is difficult to maintain a shape 
after regeneration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view schematically showing 
an embodiment of the honeycomb structural body according to 
the invention . 

FIG. 2(a) is a perspective view schematically 
showing an embodiment of the porous ceramic member 
constituting the honeycomb structural body shown in FIG. 1, 
and Fig. 2(b) is a section view along a line A-A of the 
porous ceramic member shown in FIG. 2(a) . 

FIG. 3(a) is a perspective view schematically 
showing another embodiment of the honeycomb structural body 
according to the invention, and FIG. 3(b) is a section view 
along a line B-B of the honeycomb structural body shown in 
FIG. 3(a) . 

FIG. 4(a) is a section view schematically showing a 
state of a plug forming process in the production of the 
honeycomb structural body according to the invention, and 
FIG. 4(b) is a partially enlarged section view thereof. 
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FIG. 5 ±s a sxde view schema 'bxcally showing a state 
of producing tiie honeycomb s-tructural body according to the 
Invention . 

FIG. 6 Is a section view schematically showing an 
embodiment of the exhaust gas purifying apparatus using the 
honeycomb structural body according to the Invention. 

FIG. 7 Is a graph showing an X-ray diffraction of the 
honeycomb structural body of Example 1 . 

FIG. 8 Is an SEM photograph (1000 magnification) 
showing a section of the honeycomb structural body of 
Example 1 . 

BEST MODE FOR CARRYING OUT THE INVENTION 

FIG. 1 Is a perspective view schematically showing a 
concrete example of an assembly-type honeycomb structural 
body as an embodiment of the honeycomb structural body of 
the Invention. FIG. 2(a) Is a perspective view 
schematically showing an example of the porous ceramic 
member constituting the honeycomb structural body shown In 
FIG. 1 and FIG. 2(b) Is a section view along a line A-A of 
the porous ceramic member shown In FIG. 2(a) . 

As shown In FIGS . 1 and 2 , In the honeycomb 
structural body 10 of the Invention, a plurality of porous 
ceramic members 20 are connected through sealing material 
layers 14 to compose a cylindrical ceramic block 15, and a 
sealing material layer 13 Is formed around the 
circumference of the ceramic block 15 . 

Also, In the prismatic porous ceramic member 20 are 
arranged a plurality of through-holes 21 side by side 
through partition walls 23. 

When the honeycomb structural body 10 of the 
Invention Is used as a filter for catching particulates In 
exhaust gas, as shown In FIG. 2(a), the porous ceramic 
member 20 Is desirable so that either one end portions of 
the through-holes 21 are plugged by a plugging material 22 . 

That Is, In the ceramic block 15 of the honeycomb 
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structural body 10 of the Invention, It Is desirable that 
given through-holes 21 are plugged by the plugging xoaterlal 

22 at one end portions and the through-holes 21 not plugged 
by the plugging material 22 are plugged by a plugging 
xoaterlal 22 at the other end portions of the ceramic block 
15. 

In this case, the exhaust gas flowed into one 
through-hole 21 always passes through partition walls 23 
separating such a through-hole 21 and thereafter flows out 
from the other through-hole 21, so that the partition walls 

23 separating these through-holes from each other can be 
functioned as a filter for catching particles . 

Moreover, the sealing material layer 13 formed 
around the ceramic block 15 is formed for preventing the 
leakage of the exhaust gas from the outer circumference of 
the ceramic block 15 when the honeycomb structural body 10 
of the invention is used as the honeycomb filter. 
Therefore, it is not particularly necessary in accordance 
with the application of the honeycomb structural body of 
the invention . 

FX6. 3(a) is a perspective view schematically 
showing an embodiment of an integral -type honeycomb 
structural body as another example of the honeycomb 
structural body of the invention. 

As shown in FIG. 3(a), the honeycomb structural body 
30 of the invention is composed of a cylindrical ceramic 
block 35 consisting of a porous ceramic with a plurality of 
through-holes 31 arranged side by side in the longitudinal 
direction through wall portions 33 . 

Also, when the honeycomb structural body 30 of the 
invention is used as a honeycomb filter for catching 
particulates in the exhaust gas, the ceramic block 35 is 
desirable to be plugged with a plugging material 32 at 
either one of end portions of the through-holes 31 as shown 
in FIG. 3(b) . 

That is, in the ceramic block 35 of the honeycomb 
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structural body 30 of the invention. It Is desirable that 
the given through -holes 31 are plugged with a plugging 
material 32 at their one end portions and the through-holes 
31 not plugged with the plugging material 32 are plugged 
with a plugging material 32 at the other end portions of 
the ceramic block 35 . 

In this case, the exhaust gas flowed into one 
through-hole 31 always passes through the wall portions 33 
separating the through-hole 31, and thereafter flows out 
from the other through-hole 31, so that the wall portion 33 
for separating these through-holes from each other can be 
functioned as a filter for catching particles. 

Although there is not shown in FIG. 3, a sealing 
material layer may be formed around the ceramic block 35 
likewise the honeycomb structural body shown in FIG. 1. 

In the honeycomb structural body according to the 
invention, the ceramic block is preferable to be made of a 
porous ceramic obtained by bonding ceramic particles 
through amorphous silicon. 

As the ceramic particles are used, for example, 
oxide ceramics such as cordierite, alumina, silica, mullite, 
zirconia, yttria and the like; carbide ceraxoics such as 
silicon carbide, zirconixsm carbide, titanium carbide, 
tantalum carbide, tungsten carbide and the like; and 
nitride ceramics such as aluminum nitride, silicon nitride, 
boron nitride, titanium nitride and the like. 

When the honeycomb structural body according to the 
invention is an assembly-type honeycomb structural body as 
shown in FIG. 1, silicon carbide having a large heat 
resistance, excellent mechanical properties and chemical 
stability and a large thermal conductivity is desirable 
among the above ceramic particles . 

Also, when the honeycomb structural body according 
to the invention is an integral -type honeycomb structural 
body as shown in FIG. 3, the ceramic oxide such as 
cordierite cuid the like is used. Because it can cheaply be 
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manufackured, and has a relat:lvely small 'thermal ea^ansioxx 
coefficient:, and Is not; broken when 'the honeycomb 
structural body of 'the Invention Is used, for example, as 
-the honeycomb filter, and Is net oxidized. 

The compression streng-th of 'the honeycoinb s-tructural 
body of 'the lnven*tlon Is determined by crys'talllnl'ty of -the 
amorphous silicon and kind of ceramic particles used and 
the like, and Is desirably within a range of 0.1 MPa — 60 
MPa, more desirably within a range of 0.5 MPa - 30 MPa. 

When the compression strength Is less than 0.1 MPa, 
cracks are easily generated by applying a relatively small 
compression load to the honeycomb structural body and It Is 
dlfflcul't to recomblne ceramic particles through amorphous 
silicon. When, l^t exceeds 60 MPa, -the degree of freedom of 
silicon Is los't to make re -combination dlfflcul't. 

In the honeycomb structural bodies shown In FIG. 1 
and FIG. 3, 'the shape of 'the ceramic block Is cylindrical. 
As long as the ceramic block Is coliamnar, I't Is not 11ml 'ted 
to 'the cylinder, and xaay be any optional shape such as 
elllp-tlc cylinder, prismatic cylinder and the like In 'the 
Inven-tlon . 

The porosl'ty of 'the ceramic block cons-tltutlng 'the 
honeycomb structural body of the Invention Is desirably 50- 
80%. If the porosity Is less 'than 50%, the amount of 
bonding point for bonding ceramic par'tlcles through 
amorphous silicon Is Increased, and even If the 
crystalllnlty of the amorphous silicon Is not lowered to 
the above-described ex'tent, the compression strength of the 
honeycomb structural body Is Increases due to the Increase 
of the bonding points , and hence there Is hardly caused a 
problem of lowering the compression S'treng'th of the 
honeycomb structural body. On the ether hand, when -the 
poroslt.y exceeds 80%, 'the amount of bonding points for 
bonding ceramic particles through amorphous silicon Is much 
more decreased, and hence -the s'treng'th of the honeycomb 
s'truc'tural body Is lowered due 'to 'this decreased bonding 
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poln'b to be easily broken. 

Moreover, 'bhe poroslt:y can be measured by t:he 
conven'bi.onally known methods such as a mercury pene-bratlon 
method, an Archimedes method, a scanning electron 
microscope (SEM) and the like. 

Also, the mean pore diameter of the ceramic block Is 
desirable to be 5-100 pm. When the mean pore diameter Is 
less than 5 pm. If the honeycomb structural body of the 
invention is used as the honeycomb filter, the clogging is 
easily caused by particulates. While, when the mean pore 
diameter exceeds 100 pm, particulates pass through pores, 
and hence the particulates cannot be caught and the 
function as a filter can not be fulfilled. 

As a particle size of the ceramic particle used In 
the production of the ceramic block. It Is desirable to 
provide a particle having less contraction at a subsequent 
firing step. For example. It is desirable to have a mean 
particle size of about 0.3-50 pm. Because, the ceramic 
block made of porous ceramic having the above-described 
porosity and mean particle size can be produced by using 
ceramic particle powder having the above particle size. 

In the honeycomb structural body of the invention, 
if a plugging material is filled in either one end portions 
of through-holes of the ceramic block, the plugging 
material is desirable to be made of porous ceramic. 

In the honeycomb structural body of the invention, 
as the ceramic block filled with the above plugging 
material is made of porous ceramic, it becomes possible to 
increase adhesive strength of both by rendering the 
plugging material into the same porous ceramic as in the 
ceramic block, and also It can be Intended to zaatch the 
thermal esqpanslon coefficient of the ceramic block with the 
therxaal e^^anslon coefficient of the plugging material by 
controlling the porosity of the plugging material In the 
same manner as In the ceramic block, whereby It Is possible 
to prevent the occurrence of any gap between the plugging 
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material and 'the wall port:±on due -bo thermal stress ±n the 
production or the use, or the occurrence of crack in the 
plugging material or the wall portion contacting with the 
plugging material . 

When the plugging material consists of porous 
ceramic, as its material, use is made of the same material 
as ceramic particle and amorphous silicon constituting the 
ceramic block. 

When the honeycomb structural body of the invention 
is an assembly-type honeycomb structural body shown in FIG. 
1, sealing material layers 13, 14 are formed between the 
porous ceramic members 20 and on the outer periphery of the 
ceramic block 15 . The sealing material layer 14 formed 
between the porous ceramic members 20 functions as an 
adhesive for binding a plurality of the porous ceramic 
members 20 each other, while the sealing material layer 13 
formed on the outer periphery of the ceramic block 15 
functions as a plugging material for preventing the leakage 
of the exhaust gas from the outer periphery of the ceramic 
block when the honeycomb structural body of the invention 
is used as the honeycomb filter and the honeycomb 
structural body 10 of the invention is set in an exhaust 
passage of an internal combustion engine. 

As a material constituting the sealing material 
layer are used, for example, an inorganic binder, an 
organic binder, inorganic fibers and/or inorganic particles. 

As described above, in the honeycomb structural body 
of the invention, the sealing material layers are formed 
between the porous ceramic members and on the outer 
periphery of the ceramic block, but these sealing material 
layers may be the same or different materials. Further, 
when the sealing material layers are made of the same 
material, the compounding ratio may be the same or 
different. 

As the inorganic binder is used, for instance, 
silica sol, alumina sol and the like. They may be used 
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alone or in a combxna'tion o£ "two or more. Among Uie above 
Inorganic binders, silica sol is desirable. 

As the organic binder is used, for instance, 
polyvinyl alcohol, methyl cellulose, ethyl cellulose, 
carboxy methyl cellulose and the like. They may be used 
alone or in a combination of two or more. Among the above 
organic binders, carboxy methyl cellulose is desirable. 

As the inorganic fiber is used, for instance, 
ceramic fibers such as silica-alumina, mullite, alumina, 
silica and the like. They may be used alone or in a 
combination of two or more . Among the above inorganic 
fibers, silica-alumina fdLber is desirable. 

As the inorganic particle may be mentioned, for 
instance, carbides, nitrides and the like. Concretely, use 
is made of inorganic powder of silicon carbide, silicon 
nitride, boron nitride and the like or whisker and so on. 
They may be used alone or in a combination of two or more. 
Among the above inorganic particles, silicon carbide having 
an excellent thermal conductivity is desirable. 

The sealing material layer 14 may be a dense body or 
a porous body for enabling flow of exhaust gas into the 
inside when the honeycomb structural body of the invention 
is used as the honeycomb filter. However, the sealing 
material layer 13 is desirable to be a dense body. Because, 
when the honeycomb structural body 10 is set in the exhaust 
passage of an internal combustion engine, the sealing 
material layer 13 is fozrmed for the purpose of preventing 
the leakage of the exhaust gas from the outer periphery of 
the ceramic block 15 . 

Such honeycomb structural bodies of the invention, 
as explained in FIGS. 1-3, can be preferably used as a 
honeycomb filter for the purification of the exhaust gas 
catching particulates in the exhaust gas discharged from 
the internal combustion engine such as diesel engine and 
the like when given through-holes in either one end 
portions of the ceramic block constituting the honeycomb 



16 



st:ruc'bural body are filled wxtJi 'bhe plugging material . 

When the honey cozob structural body of the invention 
is used as a honeycomb filter for purifying the exhaust gas, 
a catalyst such as Pt and the like may be carried on the 
wall portion of the ceramic block for promoting combustion 
of particulates when the regeneration treatment is applied 
to the honeycomb filter. 

Also, when the ceramic block of the honeycomb 
structural body of the invention is carried with a catalyst 
of a noble metal such as Pt, Rh, Pd or the like or an alloy 
thereof, the honeycomb structural body of the invention can 
be used as a catalyst carrier for conducting the 
purification of HC, CO and NOx in the exhaust gas 
discharged from a heat engine such as an internal 
combustion engine or the like, or a combustion apparatus 
such as boiler or the like, or the refinement of liqpiid 
fuel or gas fuel and the like. 

Moreover, in case of using the honeycomb structural 
body of the invention as the catalyst carrier, the plugging 
material is not particularly necessary. 

As es^lained above, the honeycomb structural body 
according to the invention is constituted with the ceramic 
block made of a composite material by bonding ceramic 
particles through amorphous silicon. 

Moreover, positions of silicon and ceramic can be 
confirmed, for example, by a reflective electron image of 
SEM or by mapping of EDS or the like. 

The amorphous silicon is low in the crystallinity . 
Concretely, the half -width value of Si peak (29 = about 
28^) in an X-ray diffraction (it is desirable to measure 
based on JIS K0131-1996) is not less than LO**. The 
honeycomb structural body using such an amorphous silicon 
becomes excellent in the compression strength even if the 
porosity is increased. As a result, even when a large 
compression load is applied to the honeycomb structural 
body of the invention to create a large internal stress in 
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'bhe inside "thereof , such an Internal steess can be 
preferably mitigated a't the bonding poln^t (amorphous 
silicon) between "the ceramic par-tlcles and hence the 
durability becomes excellent wl-thout easily genera'tlng 
cracks . 

Next, as an example of a method of producing the 
honeycomb structural body of the Inven'tlon, -there Is 
explained a case of producing the honeycomb structural body 
wherein a plugging ma-terlal Is filled In predetermined 
through-holes of a ceramic block. 

When -the structure of 'the honeycomb structural body 
of the Invention Is an Integral— type honeycomb structural 
body Integrally formed as a whole as shown In FIG. 3, 
extrusion molding Is first carried out with the use of raw 
material paste consisting essentially of ceramic particles 
and amorphous silicon as described above, to form a ceramic 
molded body having STibstantlally the same shape as that of 
the honeycomb structural body shown In FIG. 3. 

The raw material paste Is desirable to provide the 
porosity of 50-80% In the ceramic block after the 
production, and Includes, for Instance, ones obtained by 
adding a binder and a dispersion medium to a mixed powder 
of ceramic particles and amorphous silicon powder. 

The method of producing the amorphous silicon powder 
Is not particularly limited, and Includes a method wherein 
a thin film consisting of amorphous silicon Is produced by 
a well-known method and thereafter the resulting thin film 
Is finely pulverized. 

As the method of producing the thin film consisting 
of amorphous silicon are mentioned chemical deposition 
methods such as plasma CVD method using SIH4 as a raw 
material, photo-CVD method, ECR-CVD (electro-cyclotron 
resonance plasma-enhanced chemical vapor deposition) method 
and the like. 

Such amorphous silicon powder holds the role as a 
binder by fusing In a firing treatment after degreaslng 
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treatment: mentioned below to wet the surfaced of ceramic 
particles to thereby bind the ceramic particles together. 
The compounding amount of such amorphous silicon powder Is 
appropriately changed In accordance with the particle size, 
shape and the like of the ceramic particle powder, but Is 
deslrad^le to be 5-50 parts by weight based on 100 parts by 
weigh of the mixed powder. When the amount Is less than 5 
parts by weight, the compounding amount of the amorphous 
silicon powder Is too small for sufficiently functioning as 
the bonding material bonding the ceramic particles , and the 
strength of the resulting honeycomb structural body 
(ceramic block) may be Insufficient. On the other hand, 
when It exceeds 50 parts by weight, the resulting honeycomb 
structural body becomes too denslf led to lower the porosity 
and the aforementioned effects of the Invention Ceui not be 
sufficiently obtained. Further, when the honeycomb 
structural body of the Invention Is used as the honeycomb 
filter, there Is a fear that the pressure loss In the 
catching of particulates quickly Increases and the function 
as the filter can not sufficiently obtained. 

As the binder are used, for Instance, methyl 
cellulose, carboxymethyl cellulose, hydroxyethyl cellulose, 
polyethylene glycol, phenolic resin, epoxy resin and the 
like. 

The compounding amount of the binder Is desirable to 
be about 1-10 parts by weight based on 100 parts by weight 
of ceramic particle powder . 

The dispersion medlxom Is not particularly limited, 
and Includes, for example, an organic solvent such as 
benzene or the like; an alcohol such as methanol or the 
like, water and so on. 

The dispersion medium solution Is compounded In a 
proper amount so as to render the viscosity of the raw 
material paste Into a certain range. 

These mixed powder, binder and dispersion medium are 
mixed by an attrltor or the like and fully kneaded by a 
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kneader or the like to form a raw material paste, and 
thereafter the raw material paste is extrusion molded to 
prepare the ceraunic molded body. 

Also, the raw material paste may be added with a 
molding aid, if necessary. 

As the molding aid is used, for instance, ethylene 
glycol, dextrin, fatty acid soap, polyalcohol and the like. 

Further, the raw material paste may be added with 
balloons made of an oxide ceramic as micro-hollow spheres, 
spherical acrylic particles, a pore-forming agent such as 
graphite or the like, if necessary. 

As the balloon are used, for instance, alTimina 
balloon, glass micro -balloon, silas balloon, fly ash 
balloon (FA balloon) , mullite balloon and the like. Among 
them, the fly ash balloon is desirable. 

The ceramic molded body is dried by means of a 
microwave drier, a hot gas drier, a dielectric drier, a 
reduced pressure drier, a vacuum drier, a freezing drier or 
the like to form a ceramic dried body, which is then 
subjected to a plug forming process for plugging 
predetermined through-holes wherein a plugging paste is 
filled in such through-holes. 

FIG. 4(a) is a section view schematically showing 
one example of the plugging apparatus used in the plug 
forming proccess, and FIG. 4(b) is a partially enlarged 
section view showing a part thereof. 

As shown in FIG. 4, the plugging apparatus 100 used 
in the plug forming process is provided at its side face 
with a mask 111 having openings 111a of a given pattern, 
and two sets of a closed-type plugging material discharge 
vessel 110 filled with a plugging paste 120 are arranged 
for facing sides formed with the mask 111 each other. 

In order to conduct the plug forming process of the 
ceramic dried body using such a plugging apparatus 100 , the 
ceramic dried body 40 is first fixed between the plugging 
material discharge vessels 110 so as to contact an end face 
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40a of Uie ceramic dried body 40 with the mask 111 formed 
on the side face of the plugging material discharge vessel 
110. 

In this case, the opening 111a of the mask 111 and 
the through-hole 42 of the ceramic dried body 40 are 
exactly In opposed relation. 

Then, a certain pressure Is applied to the plugging 
material discharge vessel 110 through a pump such as a 
mono-pump or the like, whereby the plugging paste 120 Is 
discharged from the openings 111a of the mask 111 to 
penetrate the plugging paste 120 Into the ends of the 
through-holes 42 of the ceramic dried body 40. Thus, the 
predetermined through-holes 42 of the ceramic dried body 40 
Ccui be plugged with the plugging paste 120 as a plug 
material . 

Moreover, the plugging apparatus used In the plug 
forming process Is not limited to the plugging apparatus 
100 as described above, but may use a system of providing 
an open-type plugging material discharge vessel disposed a 
stirring blade therein, and moving the stirring blade In 
up-down directions so as to f luldlze the plugging paste 
filled In the plugging material discharge vessel and to 
fill the plugging paste. 

As the plugging paste Is used, for Instance, the 
same as the raw material paste. However, It is desirable 
to add a lubricant, a solvent, a dlspersant and a binder to 
the mixed powder used In the raw material paste because the 
ceramic particles In the plugging paste are prevented from 
sedimentation . 

Next, the ceramic dried body filled with the 
plugging paste Is subjected to a degreaslng treatment by 
heating to about ISO-TOO^'C to remove the binder contained 
In the ceramic dried body and form a ceramic degreased body. 

The degreaslng treatment Is desirable to be carried 
out at a temperature lower than that a temperature fusing 
the amorphous silicon and also the degreaslng atmosphere 
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may be an oxidizing atmosphere or an inert gas atmosphere 
such as nitrogen, argon and the like. Further, an optimum 
atmosphere as the degreasing atmosphere is suitably 
selected by taking the amount of the binder used, kind of 
the ceramic particle and the like into consideration. 

Next, the ceramic degreased body is heated to about 
900-1100 °C to soften (fuse) the amorphous silicon powder, 
whereby the ceramic particles are bonded through the 
amorphous silicon to form porous ceramics, the whole of 
which can be integrally united to produce a honeycomb 
structural body (ceramic block) of the invention. 

Further, the half -width value of Si peak (20 = about 
28"") in the X-ray diffraction of the thus produced 
honeycomb structural body becomes not less than 1.0°, and 
its crystallinity becomes low. 

The above produced honeycomb structural body of the 
invention has such a structure that the plugging material 
is filled at one ends of predetenoined through-holes in the 
ceramic block and can be suitably used as the honeycomb 
filter. Also, the wall portion of the ceramic block may be 
carried with a catalyst such as Pt or the like for 
promoting combustion of particulates when the honeycomb 
filter is subjected to a regeneration treatment. 

Further, when the honeycomb structural body of the 
invention is used as a catalyst carrier for conducting the 
purification of HC, CO and NOx in the exhaust gas 
discharged from a heat engine such as an internal 
combustion engine or the like, or a combustion equipment 
such as a boiler or the like, or the reformation of liquid 
fuel or gas fuel, the wall portions of the ceramic block 
may be carried with a catalyst of a noble metal such as Pt, 
Rh, Pd or the like or an alloy thereof. In this case, the 
plug forming process for filling the plugging material is 
not necessarily required. 

When the honeycomb structural body of the invention 
is an assembly-type honeycomb structural body composed by 
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combining a plurall'by of porous ceramic members tiirough 
sealing material layers as shown In FIG. 1, 'bhe extension 
molding Is flrs'b carried out: by using the raw material 
paste essen-blally conslsi:lng of t:he ceramic par'blcles and 
amorphous silicon te prepare a green shaped body having a 
shape of 'the porous ceramic member 20 shown In FIG. 2. 

Moreover, as -the above raw material paste may be 
mentioned the same as the raw material paste explained In 
the Integral -type honeycomb structural body described above. 

Next, the green shaped body Is dried by using a 
microwave drier or the like to form a dried body, which is 
then STibjected to a plug forming process for plugging 
through-holes in which the plugging paste is filled in 
predetermined through -holes of the dried body. 

Moreover, as the plugging paste may be mentioned the 
same as the plugging paste e^^lalned in the above- 
described integral-type honeycomb structural body. As the 
plug forming process, mention may be made of the same 
method as in the Integral -type honeycomb structural body 
except that the object of filling the plugging paste is 
different . 

Next, a ceramic degreased body is produced by 
subjecting the dried body after the plug forming process to 
a degreasing treatment under the same condition as in the 
integral -type honeycomb structural body and further heated 
under the same condition as in the integral-type honeycomb 
structural body and fired, whereby there can be produced a 
porous ceramic member with a plurality of through-holes 
arranged side by side in the longitudinal direction through 
partitions . 

Further, as shown in FIG. 5, the porous ceramic 
members 20 are placed on a base 50 having a section of an 
upper part of V-shaped form at an obliquely inclined stete 
condition so as to pile the porous ceramic members 20 one 
upon the other at the inclined state, and thereafter a 
sealing material paste forming a sealing material layer 14 
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is applied to "two upward side faces 20a, 20b at a uniform 
thiclcness t,o form a sealing material paste layer 51, and a 
step of successively laminat:ing Uie other porous ceramic 
members 20 on the sealing material paste layer 51 is 
repeated te prepare a laminate of the prismatic porous 
ceramic members 20 having a given size. 

Moreover, the material for forming the sealing 
material paste is as es^lained in the above honeycomb 
structural body of the invention, and its explanation is 
omitted here. 

Next, the sealing material paste layer 51 is dried 
and solidified by heating the laminate of the porous 
ceramic layers 20 to form a sealing material layer 14, and 
thereafter the outer peripheral portion thereon is cut into 
a form shown in FIG. 1 by using, for example, a diamond 
cutter to prepare a ceramic block 15 . 

By forming a sealing material layer 13 on the outer 
periphery of the ceramic block 15 with the above sealing 
material paste can be produced the honeycomb structural 
body of the invention in which a plurality of porous 
ceramic members are bonded through the sealing material 
layer . 

The thus produced honeycomb structural body of the 
invention is one obtained by filling one ends of 
predetermined through -holes of the ceramic block (porous 
ceramic member) with a plugging material, and can suitably 
be used as the honeycomb filter. In this case, the wall 
portions of the ceramic block (partitions of the porous 
ceramic members) may be carried with a catalyst such as Pt 
or the like for promoting combustion of particulates when 
the honeycomb filter is subjected to a regeneration 
treatment . 

Moreover, when the honeycomb structural body of the 
invention is used as a catelyst carrier for purifying HC, 
CO and NOx in the exhaust gas discharged from a heat engine 
such as an internal combustion engine or the like or a 
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coxnbus'blon equxpmeii'b such as a boiler or *bhe l±ke, or 
reformation of liquid fuel or gas fuel, a catLalysi: of a 
noble metal such as Pt, Rh, Pd or the like or an alloy 
thereof may be carried on the wall portions of the ceramic 
block. In this case, the plug forming process for filling 
the plugging material Is not necessarily required. 

Next, an exhaust gas purification apparatus using 
the honeycomb structural body according to the Invention Is 
explained . 

Mien the honeycomb structural body of the Invention 
Is used as the honeycomb filter. It Is desirable to set In 
an exhaust gas purification apparatus of a vehicle shown In 
FIG. 6. 

FIG. 6 Is a section view schematically showing one 
example of the exhaust gas purification apparatus of the 
vehicle provided with the honeycomb structural body 
(honeycomb filter), of the Invention. 

As shown In FIG. 6, an exhaust gas purification 
apparatus 600 mainly comprises a honeycomb filter 60 
according to the Invention, a casing 630 covering the 
outside of the honeycomb filter 60 and a holding sealing 
material member 620 disposed between the honeycomb filter 
60 and the casing 630, In which an Inlet pipe 640 connected 
to an Internal combustion engine such as an engine or the 
like Is connected to an end portion of the casing 630 at a 
side of Introducing the exhaust gas and an outlet pipe 650 
connected to an exterior Is connected to the other end 
portion of the casing 630. Moreover, an arrow In FIG. 6 
shows a flow of the exhaust gas . 

In FIG. 6, the structure of the honeycomb filter 60 
may be the same as the honeycomb structural body 10 shown 
in FIG. 1 or the same as the honeycomb structural body 
shown in FIG . 3 . 

Further, on the wall portion of the honeycoznb 
structural body is carried a catalyst such as Pt or the 
like for promoting combustion of particulates through a 
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ca'balyst support member consis-bing of Y'^^™^^^^ like 
which is not lllustra-bed. 

In -the exhaus-b gas purification apparatus 600 having 
such a construction, the exhaust gas discharged from the 
Internal combustion engine such as an engine or the like is 
Introduced into the casing 630 through the inlet pipe 640, 
passes from through-holes of the honeycomb filter through 
the wall portions (partitions) to catch particulates with 
the wall portions (partitions) for purification, and then 
discharged to an exterior through the outlet pipe 650 . 

Also, the regeneration treatment for burning and 
removing the particulates caught on the wall portions 
(partitions) of the honeycomb filter 60 is continuously 
carried out with the use of the catalyst supported on the 
wall portions, or regularly carried out after storing some 
amount . 

Moreover, in the regeneration treatment, a heating 
means such as a heater or the like is arranged on the flow- 
in side of the exhaust gas and a gas heated by the heating 
means is flown into the inside of the through-holes of the 
honeycomb filter 60, whereby the honeycomb filter 60 may be 
heated to burn and remove particulates stored on the wall 
portions (partitions) . 

The particulates may be burnt and removed with the 
use of a post injection system. 

In such an exhaust gas purification apparatus 600, 
the honeycomb filter 60 according to the invention is 
arranged so as to forcedly insert into the inside of the 
casing 630 at a state of winding the holding sealing 
material 620 around the outer periphery thereof. In this 
case, a significant compression load Is applied to the 
honeycomb filter 60 according to the invention to create a 
large Internal stress in the inside thereof, but since the 
honeycomb filter 60 according to the invention is excellent 
in compression strength as mentioned above, it can be set 
within the casing 630 without causing cracks . 
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[EX2VMPI.es ] 
(Example 1) 

(1) A-t first, a Uiin film of amorphous silicon is made 
by a chemical vapor deposi'kion method (plasma CVD method) 
using silane (SiH4) and then the thin film is finely 
pulverized to obtain amorphous silicon powder having a mean 
particle size of 5 fim (half -width value of Si peak (20 = 
about 28'') in an X-ray diffraction measured by the 
following method is 5 . 0°) . 

20 wt% of the amorphous silicon powder and 80 wt% of 
a-type silicon carbide powder having a mean particle size 
of 30 pm are wet-mixed, and to 100 parts by weight of the 
thus obtained mixed powder are added and kneaded 6 parts by 
weight of a binder (methyl cellulose) , 2.4 parts by weight 
of a surfactamt (oleic acid) and 24 parts by weight of 
water to prepare a raw material paste. 

Next, the raw material paste is filled in an 
extruder and extruded at a rate of 10 cm/min to prepare a 
green shaped body having substantially the same shape as 
that of the porous ceramic member 30 shown in FIG . 2 . 

Then, the green shaped body is dried by a microwave 
drier to form a ceramic dried body and thereafter a 
plugging paste having the same composition as that of the 
green shaped body is filled in predetermined through-holes 
and again dried by the drier, and degreased at 550 ""C in an 
oxidizing atmosphere for 3 hours to obtain a ceramic 
degreased body. 

Next, the ceramic degreased body is heated at 1000 ''C 
in an argon atmosphere for 2 hours to fuse the amorphous 
silicon to thereby bond silicon carbide particles with the 
amorphous silicon to prepare a porous ceramic member of 
34.3 mm x 34.3mm x 254mm in size 

(2) A large number of the above porous ceramic members 
are connected through a heat-resistant sealing material 
paste containing 30 wt% of alumina fibers of 0.2 mm in 
fiber length, 21 wt% of silicon carbide particles of 0.6 pm 
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±n mean particle size, 15 w'b% of silica sol, 5.6 w'b% of 
carboxymethyl cellulose and 28.4 w'b% of water by 'the me'bhod 
explained wlt:h reference to FIG. 5 and "then cu*b wl'bh a 
diamond cu'b'ber to prepare a cylindrical ceramic block 
having a diameter of 165 mm, a porosl'by of 60% and a mean 
pore size of 20 pm. 

In this case, the thickness of the sealing material 
layer for connecting the porous ceramic members Is adjusted 
to be 1 . 0 mm . 

Next, a sealing material paste Is prepared by mixing 
and kneading 23.3 wt% of ceramic fiber made of alumina 
silicate (shot content: 3%, fiber length: 0-1-100 mm) as an 
Inorganic fiber, 30.2 wt% of silicon carbide powder having 
a mean particle size of 0.3 pm as an Inorganic particle, 7 
wt% of silica sol (SIO2 content In sol: 30 wt%) as an 
Inorganic binder, 0.5 wt% of carboxymethyl cellulose as an 
organic binder and 39 wt% of water. 

Then, a sealing material paste layer of 1.0 mm In 
thickness Is formed around the outer peripheral portion of 
the ceramic block by using the sealing material paste. And, 
the sealing paste layer Is dried at 120^0 to prepare a 
cylindrical honeycomb structural body functioning as a 
honeycomb filter for purifying an exhaust gas . 
(Example 2) 

(1) A porous ceramic member Is produced In the same 
manner as In Example 1(1) except that the firing condition 
In the bonding of silicon carbide particles with amorphous 
silicon Is 1000 ""C and 1 hour. 

(2) A honeycomb structural body to be functioned as a 
honeycomb filter for purifying an exhaust gas Is produced 
In the same manner as In Example 1(2) except for the use of 
the porous ceramic member produced In the above Item (1) . 

(Exazople 3) 

(1) A porous ceramic member Is produced In the same 
manner as in Example 1(1) except that the firing condition 
after the bonding of silicon carbide particles with 
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amorphous silicon is lOOO^'C and 30 minutes. 

(2) A honeycomb s'bruc'bural body be functioned as a 
honeycomb filter for purifying an exhaust gas is produced 
in "the same manner as in Example 1(2) excep't for the use of 
the porous ceramic member produced in the adsove item (1) . 

(Exantple 4) 

(1) A porous ceramic member is produced in the same 
manner as in Example 1(1) except that the firing condition 
after the bonding of silicon carbide particles with 
amorphous silicon is 950''C and 30 minutes. 

(2) A honeycomb structural body to be functioned as a 
honeycomb filter for purifying an exhaust gas is produced 
in the same manner as in Example 1(2) except for the use of 
the porous ceramic member produced in the above item (1) • 

(Comparative Example 1) 

(1) A porous ceramic member is produced in the same 
manner as in Example 1(1) except that the firing condition 
after the bonding of silicon carbide particles with 
amorphous silicon (half -width value of 1.5) is 1500^ C and 2 
hours . 

(2) A honeycomb structural body to be functioned as a 
honeycomb filter for purifying an exhaust gas is produced 
in the same manner as in Example 1(2) except for the use of 
the porous ceramic member produced in the above item (1) . 

(Comparative Example 2) 

(1) A porous ceramic member is produced in the same 
manner as in Example 1(1) except that silica sol (Si02 
content in sol: 30 wt%) is used instead of the amorphous 
silicon powder . 

(2) A honeycomb structural body to be functioned as a 
honeycomb filter for purifying an exhaust gas is produced 
in the same manner as in Example 1(2) except for the use of 
the porous ceramic member produced in the above item (1) . 

(Coznparative Example 3) 

(1) A porous ceramic member is produced in the Scuae 
manner as in Example 1(1) except that the firing condition 
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af -ber the bonding of silicon carbide particles with 
metallic silicon (half-width value of 0.6^) Is IBOO^C and 2 
hours . 

(2) A honeycomb structural body to be functioned as a 
honeycomb filter for purifying an exhaust gas Is produced 
In the same manner as In Example 1(2) except for the use of 
the porous ceramic member produced In the above Item (1) . 

(Comparative Example 4) 

(1) A porous ceramic member Is produced In the same 
manner as In Example 1(1) except that the firing condition 
after the bonding of silicon carbide particles with 
metallic silicon (half -width value of 0.6**) Is 1800 "^C and 3 
hours . 

(2) A honeycomb structural body to be functioned as a 
honeycomb filter for purifying an exhaust gas Is produced 
In the same manner as In Example 1(2) except for the use of 
the porous ceramic member produced In the above Item (1) . 

(Test Exaxnple 1) 

(1) A porous ceraxolc member Is produced In the Seuae 
manner as In Example 1(1) except that the firing condition 
after the bonding of silicon carbide particles with 
amorphous silicon Is 900 and 2 hours. 

(2) A honeycomb structural body to be functioned as a 
honeycomb filter for purifying an exhaust gas Is produced 
In the same manner as In Example 1(2) except for the use of 
the porous ceramic member produced In the above Item (1) . 

(Example 5) 

(1) At first, a thin film of amorphous silicon Is 
produced by a chemical vapor deposition method (plasma CVD 
method) using sllane (SIH4) , and then the thin film Is 
finely pulverized to obtain amorphous silicon powder (half- 
width value: 5.0^) having a mean particle size of 30 pm. 

20 wt% of the amorphous silicon powder and 80 wt% of 
a- type silicon carbide powder of 10 pm In mean particle 
diameter are wet-mixed, and to 100 parts by weight of the 
obtained mixed powder are added and kneaded 6 parts by 
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weight of an organic binder (methyl cellulose) , 2.5 parts 
by weight of a surfactant (oleic acid) and 24 parts by 
weight of water to prepare a raw material paste. 

Next, a green shaped body Is prepared In the same 
manner as In Example 1 except for the use of the raw 
material paste, and thereafter a ceramic degreased body Is 
produced, and a porous ceramic member Is produced. 

(2) After a cylindrical ceramic block Is produced In the 
same manner as In Example 1(2), a cylindrical honeycomb 
structural body to be functioned as a honeycomb filter for 
purifying an exhaust gas Is produced. 

The ceramic block of Example 5 has a porosity of 50% 
and a mean particle size of 10 ]am. 

(Example 6) 

(1) A porous ceramic member Is produced In the same 
manner as In Example 5(1) except that the firing condition 
after the bonding of silicon carbide particles with 
amorphous silicon Is 1000*^0 and 1 hour. 

(2) A honeycomb structural body to be functioned as a 
honeycomb filter for purifying an exhaust gas Is produced 
In the same manner as In ExaxiEple 5(2) except for the use of 
the porous ceramic member produced In the above Item (1) . 

(Example 7) 

(1) A porous ceramic member Is produced In the same 
manner as In Example 5(1) except that the firing condition 
after the bonding of silicon carbide particles with 
amorphous silicon Is lOOO'^C and 30 minutes. 

(2) A honeycomb structural body to be functioned as a 
honeycomb filter for purifying an exhaust gas Is produced 
In the same manner as In Example 5(2) except for the use of 
the porous ceramic member produced In the above Item (1) . 
(Example 8) 

(1) A porous ceramic member Is produced In the same 
manner as In Example 5(1) except that the firing condition 
after the bonding of silicon carbide particles with 
amorphous silicon Is 950 ""C and 30 minutes. 
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(2) A honeycomb s'bruc'bural body to be funct:±oned as a 
honeycomb filter for purifying an exhaust gas is produced 
in the same manner as in Example 5(2) except for the use of 
the porous ceramic member produced in the above itezd (1) . 

(Comparative Example 5) 

(1) A porous ceramic member is produced in the same 
manner as in Example 5(1) except that the firing condition 
after the bonding of silicon carbide particles with 
amorphous silicon (half-width value: 1.5) is 1500''C and 2 
hours . 

(2) A honeycomb structural body to be functioned as a 
honeycomb filter for purifying an exhaust gas is produced 
in the same manner as in Example 5(2) except for the use of 
the porous ceramic member produced in the above item (1) . 

(Comparative Example 6) 

(1) A porous ceramic member is produced in the same 
manner as in Example 5(1) except that silica sol (SiOa 
content in sol: 40 wt%) is used instead of the amorphous 
silicon powder. 

(2) A honeycomb structural body to be functioned as a 
honeycomb filter for purifying an exhaust gas is produced 
in the same manner as in Example 5(2) except for the use of 
the porous ceramic member produced in the above item (1) . 

(Comparative Example 7) 

(1) A porous ceramic member is produced in the same 
manner as in Example 5(1) except that the firing condition 
after the bonding of silicon carbide particles with 
metallic silicon (half -width value: 0 . 6"^) is 1500''C and 2 
hours . 

(2) A honeycomb structural body to be functioned as a 
honeycomb filter for purifying an exhaust gas is produced 
in the same manner as in Example 5(2) except for the use of 
the porous ceramic member produced in the above item (1) . 
(Coxnparative Example 8) 

(1) A porous ceramic member is produced in the same 
manner as in Example 5(1) except that the firing condition 
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after -bhe bonding of silicon carbide par-bicles wi'bh 
metallic silicon (half -width value: 0.6^) is ISOO^'C and 3 
hours . 

(2) A honeycomb structural body to be functioned as a 
honeycomb filter for purifying an exhaust gas is produced 
in the same manner as in Example 5(2) except for the use of 
the porous ceramic member produced in the above item (1) . 

(Test Example 2) 

(1) A porous ceramic member is produced in the same 
manner as in Example 5(1) except that the firing condition 
after the bonding of silicon carbide particles with 
amorphous silicon is 900 °C and 2 hours. 

(2) A honeycomb structural body to be functioned as a 
honeycomb filter for purifying an exhaust gas is produced 
in the same manner as in Exaxiiple 5(2) except for the use of 
the porous ceramic member produced in the above item (1) . 
(Example 9) 

(1) - 20 wt% of the amorphous powder (half -width value: 
5.0^) and 80 wt% of alumina powder of 30 pm in mean 
particle diameter are wet-mixed, and to 100 parts by weight 
of the thus mixed powder are added and kneaded 6 parts by 
weight of an organic binder (methyl cellulose), 2.5 parts 
by weight of a surfactant (oleic acid) and 24 parts by 
weight of water to prepare a raw material paste. 

Next, the raw material paste is filled in an 
extruder and extruded at a rate of 10 cm/min to form a 
green shaped body having sxibstantially the same shape as in 
the porous ceramic member 30 shown in FIG. 3. 

Then, the green shaped body is dried by a microwave 
drier to form a ceramic dried body and a plugging paste 
having the same composition as that of the green shaped 
body is filled in predetermined through-holes and again 
dried by the drier and degreased in an oxidizing atmosphere 
at 550 for 3 hours to obtain a ceramic degreased body. 

Thereafter, the ceramic degreased body is heated in 
an argon atmosphere at 1000 for 2 hours to fuse the 
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amorphous silicon t,o "thereby bond sxllcon carbide par-tlcles 
with "the amorphous silicon, whereby -there Is prepared a 
cylindrical porous ceramic member having a porosl-ty of 45%, 
a mean pore size of 10 pm, a diameter of 144 xma and a 
leng*th of 254 mm. This Is rendered In'to a honeycomb 
structural body "to be functioned as a honeycomb fll-ter for 
purifying an exhaus^t gas . 
(Example 10) 

(1) A porous ceramic member (honeycomb structural body) 
Is produced In the same manner as In Example 9 except: that 
the firing condition for bonding alumina particles with 
amorphous silicon Is 1000 and 1 hour. 

(Example 11) 

(1) A porous ceramic member (honeycomb structural body) 
Is produced In the same manner as In Example 9 except that 
the firing condition for bonding alumina particles with 
euaorphous silicon Is 1000 and 0.5 hour. 

(Example 12) 

(1) A porous ceramic member (honeycomb structural body) 
Is produced In the same manner as In Example 9 except that 
the firing condition for bonding alumina particles with 
amorphous silicon Is 950 and 0.5 hour. 

(Comparative Example 9) 

(1) A porous ceramic member (honeycomb structural body) 
Is produced In the same manner as In Example 9 except that 
the firing condition for bonding alumina particles with 
amorphous silicon (half -width value: 1.5) Is 1500''C and 2 
hours . 

(Comparative Example 10) 

(1) A porous ceramic member (honeycomb structural body) 
Is produced In the same manner as In Example 9 except that 
the firing condition for bonding alumina particles with 
metallic silicon (half -width value: 0.6^) Is 1500''C and 2 
hours . 

(Coznparatlve Example 11) 

(1) A porous ceramic member (honeycomb structural body) 
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is produced in -bhe same manner as in Exaxnple 9 except: 'bhal: 
the firing condition for bonding alumina particles with 
metallic silicon (half -width value: O.e'') is 1800 ""C and 3 
hours . 

(Conrparative Example 12) 

(1) A porous ceramic member (honeycomb structural body) 
is produced in the same manner as in Example 9 except that 
silica sol (Si02 content in sol: 30 wt%) is used instead of 
the amorphous silicon powder. 

(Test Example 3) 

(1) A porous ceramic member (honeycomb structural body) 
is produced in the same manner as in Example 9 except that 
the firing condition for bonding alumina particles with 
amorphous silicon is 900^C and 2 hours. 

(Example 13) 

(1) 20 wt% of the amorphous silicon powder (half -width 
value: 5.0^) and 80 wt% of alumina powder of 10 pm in mean 
particle size are wet-mixed, and to 100 parts by weight of 
the thus mixed powder are added and kneaded 6 parts by 
weight of an organic binder (methyl cellulose), 2.5 parts 
by weight of a surfactant (oleic acid) and 24 parts by 
weight of water to prepare a raw material paste. 

Next, the raw material paste is filled in an 
extruder and extruded at a rate of 10 cm/min to prepare a 
green shaped body having substantially the same shape as 
that of the porous ceramic member 30 shown in FIG. 3. 

Then, the green shaped body is dried by a microwave 
drier and a plugging paste having the sfame composition as 
in the green shaped body is filled in predetermined 
through-holes and again dried by the drier and degreased in 
an oxidizing atmosphere at 550 for 3 hours to obtain a 
ceramic degreased body. 

Thereafter, the ceramic degreased body is heated in 
an argon atmosphere at 1000 for 2 hours to fuse amorphous 
silicon to bond silicon carbide particles with amorphous 
silicon, whereby there is produced a cylindrical honeycomb 
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member having a porosl'by of 60%, a mean pore s±ze of 20 pm, 
a diameter of 144 mm and a length of 254 mm. This is 
rendered into a honeycomb structural body to be functioned 
as a honeycomb filter for purifying an exhaust gas . 
(ExasEKple 14) 

(1) A porous ceramic member (honeycomb structural body) 
is produced in the same manner as in Exantple 13 except that 
the firing condition for bonding alumina particles with 
amorphous silicon is 1000 and 1 hour. 

(Example 15) 

(1) A porous ceramic member (honeycomb structural body) 
is produced in the same manner as in Example 13 except that 
the firing condition for bonding alumina particles with 
amorphous silicon is lOOO^C and 0.5 hour. 

(Example 16) 

(1) A porous ceramic member (honeycomb structural body) 
is produced in the same manner as in Example 13 except that 
the firing condition for bonding alumina particles with 
amorphous silicon is 950 and 0.5 hour. 

(Coniparative Example 13) 

(1) A porous ceramic member (honeycomb structural body) 
is produced in the same manner as in Example 13 except that 
the firing condition for bonding alumina particles with 
amorphous silicon (half -width value: 1.5) is 1500^C and 2 
hours . 

(Comparative Example 14) 

(1) A porous ceramic member (honeycomb structural body) 
is produced in the same manner as in Example 13 except that 
the firing condition for bonding alumina particles with 
metallic silicon (half -width value: 0.6^) is 1500''C and 2 
hours . 

(Coniparative Example 15) 

(1) A porous ceramic member (honeycomb structural body) 
is produced in the same manner as in Example 13 except that 
the firing condition for bonding alumina particles with 
metallic silicon (half -width value: 0.6^) is 1800 ''C and 3 
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hours . 

(Compara'blve Example 16) 

(1) A porous ceramic member (honeycomb s-bructural body) 
Is produced In tiie same manner as In Example 13 excep'b tha'b 
silica sol (Si02 con'ben'b in sol: 30 w'b%) is used ins-bead of 
bhe amorphous silicon powder. 

(Tes-b Exaiople 4) 

(1) A porous ceramic member (honeycomb sbrucbural body) 
is produced in bhe same manner as in Example 13 excepb bhab 
bhe firing condibion for bonding alumina parbicles wibh 
amorphous silicon is 900^^0 and 2 hours. 

Wibh respecb bo bhe honeycomb sbrucbural bodies of 
Examples 1-16, Comparabive Examples 1-16 and Tesb Examples 
1-4 are conducted bhe following evaluabion besbs (A) - (C) . 
(A) Evaluabion bes'b of bhe crysballiniby of amorphous 
silicon bonding silicon carbide parbicles 

There is measured a half-widbh value of Si peak (26 
= aboub 28^) in an X-ray diffracbion of bhe honeycomb 
sbrucbural bodies (and silicon raw maberial) according bo 
Examples 1-16, Compara-bive Exaniples 1-16 and Tes-b Example 
1-4. 

The resulbs are shown in bhe following Tables 1 and 

2. 

An X-ray diffracbion meber used in bhis analybical 
measuremenb is RIGAKU RINT-2500 made by Rikagaku Denki Co. , 
Lbd. A lighb source of X-ray bube diffracbion is CuKal, 
and as a measuring mebhod, a sample is firsb pulverized and 
homogenized and filled in a sample holder made of glass, 
and bhen bhe sample holder filled wibh bhe sample is seb 
on a sample bable of a goniomeber, and a power source of 
bhe apparabus is swibched while flowing a cooling waber in 
an X-ray 'bube, and bhen a volbage is gradually increased bo 
40 kV, and a currenb contirolling knob is -burned bo 30 mA. 
Thereafber, bhe measuremenb is conducbed by sebbing each 
condibion . 

Moreover, bhe measuring condibions of X-ray 
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diffraction are as follows: divergence sli-b: 0.5°, limit: 
slit for longitudinal divergence: 10 mm, sca^t-tering slit: 
0.5*^, ligh't- intercepting slit: 0.3 mm, monochrolight- 
int^ercepting sli't: 0.8 mm, scanning mode: con-tinuous, 
scanning rate: S.OOO'^/min, step: O.Ol*', scanning range: 
10.000''-60.000'' , monochrome'ter : use of counter 
monochrometer , optical sys-tem: integrated optical sys'tem. 

Further, in the honeycomb structural bodies 
according to Comparative Examples 2, 6, 12 and 16 is 
measured a half-width value of silica (Si02) peak (20 = 
about 22°) in the X-ray diffraction. 

(B) Evaluation test (1) of compression strength 

As an initial compression strength of the honeycomb 
s'truc'tural body according t:o Examples 1-18, Comparative 
Examples 1-16 and Test Example 1-4, is measured an 
isosta'tic strengtii of the honeycomb structural body 
immediately af-ter the production in each Example and 
Comparative Example. 

Moreover, -the isostetic s-trength means such a 
st:reng'th tha-t the honeycomb structural body according to 
each Example and Comparative Example is sandwiched bet:ween 
aluminum sheets (thickness: 15 mm) and the whole is sealed 
by enclosing with an urethane rubber sheet (-thickness: 
2 mm) and pressurized at a pressing speed of 1 . 0 MPa/min by 
means of a cold hydrostatic pressure device (CIP) until the 
occurrence of breakage. 

The results are shown in -the following Tables 1 and 

2. 

(C) Evaluation test (2) of compression strength 

After a tes^t of raising a temperature of the 
honeycomb s^tructural body according -to Examples 1-16 and 
Comparative Examples 1-16 "to 800^ C a^t a rising rate of 
lO^C/min in an electric furnace, keeping -the tempera'ture 
for 30 minutes and thereafter quenching to room ^temperature 
(20*^0 is repeated 10 -times, an isostatic s-treng-th is 
measured . 
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Further, after a cen'bral portion o£ a filter is cut, 
the cut surface is observed by SEM at 350 magnification to 
confirm whether or not cracks are generated at the bonded 
portion of cer£uaic particles at 10 spots . 

The results are shown in the following Tables 1 and 

2. 
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As seen from 'the results shown xn Table 1 and Table 
2, tli& half -width value of Si peak (26 = about 28'') in the 
X*ray diffraction of the honeycomb structural body 
according to each Example is 1.0-4.0^, which is not less 
than 1.0° and the crystallinity is low. 

In FIG. 7 is shown a graph of X-ray diffraction of 
the honeycomb structural body of Example 1 . As shown in 
FIG. 7, the half -width value of Si peak (20 = about 28.0*") 
in the X-ray diffraction of the honeycomb structural body 
of Example 1 is 1.0^. 

On the other hand, the half -width value of Si peak 
(20 = about 28°) in the X-ray diffraction of the honeycomb 
structural body according to Comparative Examples 1, 3-5, 
7-11 and 13-15 is 0.65-0.8°, which is less than 1.0° and 
the crystallinity is somewhat high. 

Also, the half -width value of Si02 peak (20 = about 
22°) in the X-ray diffraction of the honeycomb structural 
body according to Conrparative Examples 2, 6, 12 and 16 is 
2.0° . 

Further, the half -width value of Si peak (20 = about 
28°) in the X-ray diffraction of the honeycomb structural 
body according to Test Examples 1-4 is 5.0°. 

First, when silicon carbide and SiO/Si02 are examined, 
from the results of the evaluation test (1) of compression 
strength, the initial isostatic strength of the honeycomb 
structural body according to each Example and Comparative 
Exancple 2 and 6 is 10.0-20.0 MPa, which exceeds 10.0 MPa. 

On the other hand, the initial isostatic strength of 
the honeycomb structural body according to Comparative 
Examples 1, 3-5, 7 and 8 is less than 10.0 MPa. 

Further, from the results of the evaluation test (2) 
of compression strength, the isostatic strength after the 
heat treatment of the honeycomb structural body according 
to each Example is 9.0-15.0 MPa, which is maintained at not 
less than 75% of the initial isostatic strength. 
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On -the other hand, -bhe isos^ba-bic steeng-th after the 
heat treatment of the honeycomb structural body according 
to Comparative Examples Is 4.0-8.0 MPa, which is lower than 
that of the honeycomb structural body according to Examples. 

Particularly, the isostatic strength after the heat 
treatment of the honeycomb structural body according to 
Comparative Examples 2 and 6 is 6 MPa and 8 MPa, 
respectively, which are largely lowered to 50% and 53% of 
the initial isostatic strength. 

Moreover, from the results of Test Examples, the 
initial isostatic strength of the honeycomb structural body 
according to Test Examples 1 and 2 is 15 MPa and 20 MPa, 
but become 11 MPa and 14 MPa after the heat treatment, 
which are lowered to 73% and 70% of the initial isostatic 
strength . 

Finally, as observed by SEM image, no crack is 
generated in each Example, but the occurrence of cracks is 
observed at more than 8 spots in the comparative examples, 
while cracks are observed at 1 or 2 spots in Test Example, 
and some pores are clogged in the portion having no crack. 

From the results of the evaluation tests (1) and (2) 
of compression strength, the honeycomb structural bodies 
having a half-width value of Si peak (20 = about 28^) in 
the X-ray diffraction of not less than l.O'' in each Example 
is low in the crystallinity of amorphous silicon for 
bonding silicon carbide particles and excellent in the 
compression strength, so that the compression strength is 
not lowered even after the heat treatment. 

On the other hand, the honeycomb structural body 
having a half -width value of Si peak (20 = about 28"^) in 
the X-ray diffraction of less than 1.0^ is high in the 
crystallinity of silicon for bonding silicon carbide 
particles and poor in the coaxpression strength. 

Also, the honeycomb structural body composed by 
bonding silicon carbide particles with silica has a half- 
width value of Si02 peak (20 = about 22'') in the X-ray 
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diff racblon of 2.0^ and is low in tiie crystallini'ty and 
excellen't in -the ini'bial compression s'breng'bh, bu'b 'the 
crys'tallini^y of silica becomes high by "the applica'bion of 
-the hea-b 'breatmen'b and 'bhe compression s'brengtii after "the 
hea'b -breatmen'b lowers . 

Further, when aliimina and SiO/Si02 are examined, from 
the results of the evaluation test (1) of compression 
strength, the initial isosatic strength of the honeycomb 
structural body according to each Example and Comparative 
Examples 2 and 6 is 7.9-15.8 MPa, which exceeds 7.0 MPa. 

On the other hand, the initial isostatic strength of 
the honeycomb structural body according to Comparative 
Examples 9-11 and 13-15 is less than 7.0 MPa. 

Further, from the results of the evaluation test (2) 
of contpression strength, the isostatic strength of the 
honeycomb structural body after the heat treatment in each 
Example was 7.0-11.8 MPa, which is zoaintained at more than 
74.7% of the initial isostatic strength. 

On the other hand, the isostatic strength of the 
honeycomb structural body after the heat treatment 
according to Cosiparative Examples is 3.0-6.2 MPa, which is 
lower than that of the honeycomb structural body according 
to Examples . 

Particularly, the isostatic strengths of the 
honeycomb structural bodies according to Comparative 
Examples 12 and 16 are 4.6 MPa and 6.2 MPa, respectively, 
which are largely lowered to 48.8% and 52.53% of the 
initial isostatic strength. 

Moreover, it is understood from the results of Test 
Examples that the initial isostatic strength of the 
honeycomb structural body according to Test ExazK^les 3 and 
4 is 11 MPa and 15 MPa, but become 8.6 MPa and 11 MPa after 
the heat treatment, which are lowered to 78.2% and 73.3% of 
the initial isostatic strength. 

Finally, when SEM image observation is carried out, 
no crack is generated in each example, but cracks are 
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genera-ted at more than 8 spots In Contpara^lve Examples, 
while one and -two cracks are generated and some pores are 
clogged a-t -the portion having no crack In Test Examples . 

From -the resul-ts of the evalua-tlon -tes-ts (1) and (2) 
of compression s'treng'th, the honeycomb structural body of 
each example. In which the half-wldtiti value of SI peak (26 
=: about 28"") In the X-ray diffraction Is not less 'than 1.0^, 
Is low In -the crystalllnlty of amorphous silicon for 
bonding alumina particles and excellent In "the compression 
streng-th, and hence the compression strength Is not lowered 
even after -the heat treatment. 

On the ether hand^ the honeycomb structural body 
having a half-width value of SI peak (29 = about 28"") In 
-the X-ray dlf f rac-tlon of less than 1.0^ Is high In the 
crystalllnl-ty of silicon for bonding al-umlna particles and 
poor In -the compression s-treng-th. 

Also, -the honeycomb structural body made by bonding 
alumina particles wl-th silica has a half-wld-th value of 
SIO2 peak (20 = about 22"*) In -the X-ray diffraction of 2.0° 
Is low In -the crystalllnl-ty and excellen-t In the Inl-tlal 
compression s-treng-th, bu-t -the crys-talllnl-ty of silica 
become high by subjec-tlng -to -the hea-t treatmen-t and -the 
compression streng-th after the heat -treatment lowers. 

INDUSTRIAL APPLICABILITY 

As explained above, -the honeycomb structural body 
according to the Invention Is constituted with a composite 
member consisting of ceramic particles and amorphous 
silicon, and can favorably mitigate an lnt;ernal stress at 
bonding points between ceramic particles (amorphous 
silicon) even when a large compression s-treng-th is applied 
to cause a large In-ternal stress In -the inside, so "that the 
durabili-ty is excellent withou-t generating cracks. This 
honeycomb struc-tural body can be used as a fil-ter for 
purifying HC, CO, NOx and the like in an exhaus-t gas 
discharged from a hea-t engine such as an internal 
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coznbusiilon engine or the like, or a combustion apparatus 
such as a boiler or the like, or as a catalyst carrier for 
conducting a reformation of liquid fuel or gas fuel by 
carrying a catalyst of a noble metal such as Pt, Rh, Pd or 
the like or an alloy thereof on a ceramic block 
constituting the honeycomb structural boy. If necessary. 
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